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Abstract 



We propose for the first time a method to perform analysis of time-dependent CP asymmetries in charm by using 
both, correlated and un-correlated -D° mesons. Here we consider the decay channels — >■ K'^K~ and tt+tt^. 
The channel Z?" — K^K~ will be used to measure the mixing phase, and the difference between the measured phase 
_D" — > K^K^ and tt+tt^ will open the door to the first measurement of /3c, one of the angle of the charm unitarity 

triangle. Since in the standard model CP asymmetries in charm are expected to be small, any observation of large time 
dependent asymmetries or mismatch between predicted and observed value for j3c could signify new physics. We perform 
and show results of numerical analysis made considering SuperS running at charm threshold. Super _B running at T(4S') 
and LHCb and find that SuperS and LHCb will be able to measure (3c,eff with a precision of 1.3° and 1.4° respectively. 
The same analysis shows that (f>Mix could be measured at SuperB with a precision of 1.3°. 

1 Introduction 

CP violation represents nowadays one of the most intriguing and challenging fields in physics. Assuming the Big Bang 
theory as the model that describes the evolution of the early Universe, today we should observe a Universe composed 
in equal quantities by matter and anti-matter. Since the Universe appears to be dominated in its composition only by 
matter, a mechanism which has favoured matter over anti-matter had to exist during the first instants of its evolution. 
Considering the discrete symmetries C (charge symmetry), P (parity), and their combination CP, Sakharov in 1967 
proposed [Ij that the violation of C and CP may have played a very important role in the evolution of the Universe, 
favoring matter with respect to antimatter. Since the discovery in 1964 of CP violation in the Kaon system |2], the 
research in the field was intensified leading to the discovery of CP violation also in the B system [3j. But in the charm 
sector this has not been observed, and this represents a missing piece of information in the understanding of flavor 
dynamics. As it is shown in the literature, for example in [3], the quantity of CP violation observed in the standard 
model (SM) of particle physics is not enough to account for the matter anti-matter asymmetry observed in the Universe 
and new studies are needed in order to look for new sources of CP violation which could explain this asymmetry. 
This field represents not only a necessary step forward regarding the understanding of elementary particles and flavor 
dynamics, but it represents a link between particle physics and cosmology. 

2 CP violation in the standard model: the CKM Matrix and the Uni- 
tarity Triangle (s) 

In the SM, CP violation naturally arises from a complex phase appearing in Cabibbo-Kobayashi-Maskawa (CKM) 
matrix [5] [3]. The matrix is a unitary 3x3 matrix which provides a description of quark mixing in terms of the 
coupling strengths for up to down quark type transitions, and it may be written as 



Within this framework the probability to observe a transition between a quark q to a quark q' is proportional to |Vqg'p. 




(1) 



2.1 Wolfenstein and Buras parametrisations of the CKM Matrix 



Different parametrisations of the CKM matrix are available, one of them is the Wolfenstein parametrisation [7_^ shown 
in Eq. ^ which is an expansion in terms of A = sin 0c, P, and rj, where 9c is the Cabibbo angle. We have chosen 
a variant of the Wolfenstein parametrisation elaborated by Buras et al. [5j expanded up to and including terms O(A^) 
and shown in Eq. Q 
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where 



p = p[l-Xy2 + OiX% (4) 
r]^iil-Xy2 + 0{X% (5) 

The choice to consider the CKM matrix with an expansion up to 0{X^), is due to the fact that while the expansions to 
0{X^), have been sufficient for the B factories era, now it becomes necessary to consider additional terms as we move 
into the era of LHCb and the Super Flavor Factories (SFF's), not only from a completeness point of view but mainly 
by another issue: CP violation in charm has to be very small and at 0{X'^) no CP violation would be predicted. The 
values of the parameters used in the CKM matrix are shown in Tab. (IT]). 



Table f : Constraints on the Wolfenstein parameters A, A, p, ij, p, and rj obtained by the UTFit and CKM fitter groups. 



Parameter UTFit CKM Fitter Mean Used 

A 0.22545 ± 0.00065 0.22543 ± 0.00077 0.22544 ± 0.00705 

A 0.8095 ± 0.0095 0.8121^;°^^ 0.811 ± O.Of 5 
p 0.135 ±0.021 
T) 0.367 ±0.013 

p 0.132 ±0.020 0.144 ± 0.025 0.138 ±0.022 

^ 0.358 ±0.012 0.342±° g^^ 0.350 ± 0.014 



We adopted the convention to write the CKM matrix in terms of p and r] because unitarity of the CKM matrix gives 
rise to six unitarity triangles in the complex plane and p and fj represent the coordinates of the apex of the bd triangle 
given m Eq. (|6f. Since unitarity triangles are mathematically exact, it is very important to measure their angles and 
sides to verify unitarity. This allows one to check if the CKM mechanism is the ultimate answer to the CP violation 
problem in the quark sector or if some new physics (NP) effects have still to be considered. In this sense, a recent 
article f9^ has pointed out that the measured value for the sin 2/3 angle of the beauty-unitarity triangle differs by 3.2 
standard deviation from the predicted value. In the paper the authors claim that this discrepancy could be interpreted 
as the fact that CKM mechanism is breaking down. Two of the six unitarity relationships of the CKM matrix may be 
written as 



KdKb + v:,Vcb + v;,Vtb = 0, (6) 

v:dVcci + v:,Vc, + v:,Vc, = o, (7) 

where Eq. ([6]) is a well known and studied case referred to as the bd triangle or unitarity triangle (UT), Eq. ([7| represents 
the cu triangle that we will call the charm unitarity triangle or simply charm triangle. 
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2.2 The charm triangle 

In the previous section we have seen that Eq. ([t]) defines the charm unitarity triangle. The angles of the charm unitarity 
triangle given in Eq. ([t]) are 

a, = aTg[-V:,V,b/V:,V,s], (8) 

/3e = arg[-y;,Kd/lC.Ks], (9) 

7c = arg hK*fcK6/KdK<i] . (10) 

Using the averages of CKM Fitter and UTFit values for A, A, p and f] and their errors, we predict that, to order 

ac = (111.5 ±4.2)°, (11) 

= (0.0350 ±0.0001)°, (12) 

7c = (68.4 ±0.1)°. (13) 



These predictions for the angles of the charm triangle could, and should, be tested experimentally, either directly 
(through time-dependent CP asymmetries) or indirectly (through measurements of the sides of the triangle). On 
comparing Eq. ^ with Eq. one can see that Vcd = Vcde^'^'^''~^\ The charm triangle is shown in Fig. ([I]), where the 
sides are not in scale. If one takes the left side of Fig. (fTl) and divides through by V*gVcs, one obtain the triangle shown 




Figure 1: The charm triangle before (left) and after (right) baseline normalization. 



on the right. 



3 Time-dependent formalism 
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Neutral meson systems (A', D, Bd^s) do exhibit mixing which may be expressed by 

(14) 

\ \^ I / \ K / / 

where |P°) and |p") are the strong eigenstates of the mesons and the matrix i?e// — M — iT/2 appearing on the 
right-hand side represents the effective Hamiltonian which describes the mixing. The mass eigenstates may be written 
as 

|Pi,2) -p|pO)±g|p''), (15) 
where + — 1 io normalize the wave function, and 



p yMi2-iri2/2' 

it is important to mention that if \q/p\ 7^ 1 then CP violation in mixing occurs 
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3.1 Time-evolution 



Before discussing the time-dependent formalism it is useful to distinguish between two different cases of Z?*^ meson 
production: un-correlated and correlated production. Un-correlated D'^'s are produced from the decays of B mesons 
in electron-positron colliders when particles are collided at a center of mass energy corresponding to the T(4S') resonance, 
or from cc continuum, or in hadron machines they can be produced both promptly or as decay products of heavier 
particles. The correlated 13° mesons are instead produced in an electron-positron machine running at a center of mass 
energy corresponding to the 5* (3770) resonance. We have obtained the time evolution for both situations described 
above and it can be shown that these are given by [10] 
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(21) 



and 

here q and p are the parameters defining the mixing and A (A) is the amplitude for the P (P) decay to a final state /. 
If |Ap ^ |Ap there is direct CP violation (in the decay). The study of A/ (which should not be confused with the term 
A appearing in the CKM matrix) is able to probe the combination of CP violation due to mixing and due to decay, and 
this form of CP violation is referred to as CP violation in the interference between mixing and decay. 



3.2 Time-dependent asymmetries 



Considering Eq. ( |17|18|19|20 ) we calculated the time-dependent asymmetries associated to the time evolution of the 13° 
mesons. The asymmetry is written as follows 



Ait) = 



(23) 



we then obtain 
(un-correlated case) 



A{t) = 2e 



Art/2 (|A/P" l)cosAAft + 2/TOA/sinAMt 
(1 + |A/|2)(1 + pArt) + 2PeA/(l - e^") ' 



(24) 
(25) 



in the limit of Ar = Eq. ( 24 ) becomes 



A{t) = -CcosAAft + 5sinAMt, 



(26) 
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where 



1 + IA/P' 



2/toA/ 



and C — 




(27) 



(correlated case) 

In the case of correlated mesons the asymmetry is obtained, as the time evolution, in terms of At 



A{At) 



r{At) - T{At) 
T{At) + T{At) 



= 2e' 
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(28) 



3.3 Flavor tagging and feasibility of the study in different experimental environments 

In this section we define the different ways to tag the I?" mesons and identify consequently their flavor. The aim of 
flavor tagging is to identify one (or more) flavor specific final states that can be unambiguously used to determine the 
flavor of a neutral meson decaying to a CP eigenstate that we want to study. This is a probabilistic assignment and it 
has consequently an associated probability to be incorrect, which is called mis-tag probability, denoted by w. This is an 
important quantity to determine how good a channel is for flavor tagging. A related quantity to determine the power 
of a channel for flavor tagging is the dilution D = 1 — 2uj: the closer the dilution is to 1, the better the channel is for 
flavor tagging. Once again we need to distinguish the two cases of un-correlated and correlated production. 

(un- correlated case) To flavor tag un-correlated mesons it is necessary to identify a low momentum pion (slow pion) 
since the process is driven by D*"*" — ^ D^tt"*" and D*~ — >■ tt^. In this way if the the neutral D meson is produced in 
association with a 7r+ the flavor of the neutral D meson is Z?*^, while if the neutral D meson is produced in association 
with a TT^ the flavor of the neutral D meson is D . 

(correlated case) The flavor tag of 13° mesons produced in electron-positron collider running at ^'(3770) is similar to 
that to flavor tag mesons produced at T(4S'). It is possible for example to consider only semi-leptonic decay of the 
neutral mesons to tag and understand the flavor (Fig. M). The processes D K'^*^~l~^i> accounts for 11% of the 

D decays. The 13° is associated with a Z+ in the final state, the D is associated to a the flavor is unambiguously 
assigned, with a mistag probability lo which is essentially zero. 

To evaluate the feasibility of this study we consider now three possible scenarios: a) LHCb, b) SuperB (or Belle II) 
running at the T(4S') or c) SuperB at the ^'(3770). We consider the proven performance of BaBar [1T| and Belle and 
the current performance of LHCb [T2] to estimate the performance in the scenarios that we are going to examine. For 
decays to CP eigenstates (i.e. 13° — ^ K^K~ , Z3° tt+tt") at LHCb the yield from a sample of 5 fb~^ will probably 
be comparable to that of SuperB (Belle II). However since at LHCb hadrons are collided, the levels of background will 
be higher if compared to those at SuperB. If one considers the run at charm threshold, then the luminosity will be 
lower by a factor 10, and the background levels will be lower if compared to those of a run at T(4S'). To perform a 
time-dependent analysis the 13° mesons must to be produced in flight in the laboratory reference frame, and it is then 
necessary that the flight length of the 13° 's exceeds the detector resolution, this will allow one to identify the decay 
vertex of both 13° D and perform the analysis. At LHCb D° mesons are produced both promptly and in B decays, 
with a momentum of hundreds of GeV/c, and it will be important to separate the two different cases. At Superi? (Belle 
II) prompt 13° 's from e+e^ continuum may be easily separated from those from B decays by applying a momentum cut. 
At charm threshold Z3° mesons are produced in a coherent pair from the decay of the ^(3770), and they will have a 
small momentum, consequently the possibility of the measurement of At strongly relies upon the boost. It is important 
to mention that Superi? will be the first asymmetric electron-positron collider running at charm threshold. Certainly a 
finer granularity in the time-dependent analysis is possible at LHCb than in the other scenarios. Simulations are needed 
in order to estimate precision achievable in the three scenarios described above. 

3.4 Mistag probability and dilution: effects on the asymmetry 

We have already mentioned that flavor tagging of neutral mesons is a probabilistic approach to identify the flavor and 
is affected by mis-tag probability. To account for the mis-tag probabilities one has to consider the physical decay rates 
instead of the theoretical ones 
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Figure 2: An example of a semi-leptonic tagged event at charm threshold. 



rPf^y^t) = {i-uj)r{t) + ujT{t), 

ujT{t) + {l-oJ)T{t), 



(29) 
(30) 



where T{t) and T(t) are from Eqns. (17) and (18 1 and lo represents the mistag probability for anti-particles. Hence for 



un-correlated mesons we now can write the CP asymmetry 
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(31) 



where Acj = uj — uj. 

With a similar procedure we obtain for the correlated mesons 

rP^'y^At) = (1 - uj)r{At) + ujT{At), 
T^''^'{At) = Lor{At) + {l-uj)T{At), 



(32) 
(33) 



where r(Ai) and T{At) are now from Eqns. (19 1 and (20), and 



A^'^y'iAt) = 



T^^'''{At)~TP''y'{At) 

T^''^\At) + rP''y'>{At) 



= -Auj - 



{D + Aw)e^r|^*l/2[(|A/|2 - 1) cos AA/At + 2/mA/ sin AMAt] 
h+{l + \Xf\)^/2 + Re{\f)h_ ■ 



(34) 



4 CP eigenstates 

In our study we have considered a sample of 35 two and three body CP eigenstate decay channels of D'~' mesons and 
we determined the CKM matrix elements contributions to the decay amplitudes jTU]. From these we evaluated the 
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information on the weak phase that may be extracted by each decay. Here we concentrated on two of these channels: 
D° — )■ K~^K~ and — )■ tt+tt^. We are interested in the value of Ay and when exploring CP violation, this may be 
written as 







A 


^i<t>MIX 




p 







(35) 



where (pMix is the phase of the mixing between D'^ and D mesons, (/)cp the overall CP phase related to decay of 
the 1?° meson to specific final CP eigenstate fcp, A and A represent the amplitude of the decay for D and 13°. The 
amplitude A (A) is determined by the contribution of different decay topologies and consequently it is not always related 
to one angle of the charm triangle. To write the amplitude one has to consider that tree (T), color suppressed tree (CS), 
weak exchange (W), and penguin (Pq) topologies (amplitudes) may contribute to the decay channel 

A = |T|e*('^^+'^^) + |CS'|e*("*'=^+*^^) + |W^|e*('^»'+'^»') + ^ \Pq\e'^'*"'^+^'''>\ (36) 

q—d^s,b 

where (for j — T, CS, W, Pq) (pj are the weak phases (which change sign under CP transformations) of the different 
topologies, the moduli in front to the exponentials are their magnitude and 5.j are the strong phases (which arc invariant 
under CP transformations) associated to each amplitude. 



Table 2: CP eigenstate modes considered in this paper indicating the topologies contributing to each process in terms 
of the CKM factors associated with T (tree), Pq (penguin where g is a down- type quark), and Wex (W-exchange) 
transitions. Blank entries in the table denote that a given topology does not contribute to the total amplitude of the 
decay, and the relative strengths of these amplitudes decrease from left to right (see [TU] for the full table). 



mode 


Vcp 


T 




Wex 


13" ^ K+K- 


+1 


Vcsv:, 


VcqV^q 






+1 









The decays D° — ^ K^K and — tt+tt are tree dominated and assuming negligible other contributions (this would 
be adequate for a first rudimentary time-dependent CP asymmetry measurement), it follows that 



P 



(37) 



where |T| and the strong phase e"^^ cancel in the ratio of A/A. It is clear that if one wants to relate the CP asymmetry to 
one of the angles of the charm triangle, then the role of the penguin contribution must to be understood and a precision 
measurement of q/p must be obtained. If now we consider the elements of Table [2] we can evaluate the products of the 
CKM factors involved in the different processes, and these are: 



\3 /I a2\ 

Vcsv:, = A---(^--t-— jA^ (38) 

\3 \5 a2\5 

VcdV:, = -A+y + - + — [l-2(p + *^)], (39) 
KbKT, = A^X'{p + tf)), (40) 

Two of these three amphtudes are complex, VcbV*!^ and VcdV*^^. VcbV*!^ has a large phase (7c), while VcdV*^ is related 
to a small phase (/3c). 



4.1 D° K+K' 

The channel D'^ — > K'^K' measures the phase of VcdV*^ only in a sub-dominant penguin transition (of the order of A^), 
and is otherwise dominated by a real tree amplitude with a CKM factor of VcsV*^ (of the order of A). Hence to first 
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order one would expect to observe an asymmetry consistent with the mixing phase c/jmix, with no CKM weak phase 
contribution. This channel provides measurements of \q/p\ and (f>Mix to complement others that may be available. 
Given that the SM prediction of the asymmetry in this channel is small, this is also an ideal mode to use when searching 
for NP. It is interesting to note that Vcs is complex at 0{X^) using the convention of [8 . A measurement of /3c could 
be possible, this is not the most promising mode to measure the angle. 



4.2 TT + TT- 

_D" TT+TT^ measures the phase of VcdV*^ in the leading order tree, one of the penguin amplitudes, and the W exchange 
topologies. Of the remaining two penguin amplitudes that contribute to this decay, one is completely negligible (mediated 
by a 6 quark loop) and the other is of the order of A. The non-trivial penguin topologies are doubly Cabibbo suppressed 
loops and proceed at order A^, where as the tree amplitude is singly Cabibbo suppressed. A rudimentary measurement 
of this process could in principle ignore the penguin contribution, in which case ImXf ~ si'a{(pMix — 2/3c)- Thus there 
will be a four- fold ambiguity in any measurement of /3c- However one should note that a more complete analysis would 
be required in order to extract the weak phase and disentangle the contribution from the c — > s — > u penguin. 



5 Time-dependent CP violation: numerical analysis 



In this section the three possible experimental scenarios described in Section |3.3| are compared. For the numerical 
analysis and the extrapolation to the expected precision on /3c we have generated a set of hundred Monte Carlo data 
samples assuming Super B running at charm threshold (semi-leptonic tagging plus kaon tagging), Superi? running at 
T(4S') and the LHCb case, respectively. We generated events according to the time dependences described in Sec. Ill, 



and we perform a binned fit to the resulting asymmetry using Eq. (31 1 and Eq. (34), where arg(A/) and |A/p are allowed 
to vary in the fit to data. This analysis was repeated for different possible values of the phase (i.e. arg(A/) = 0°, 10°, 
etc.). The fit results are then expressed in terms of the two parameters and their relative errors and are used to compute 
the achievable sensitivity on /3c, as described in Sec. |5.1[ 



(SuperB at ^'(3770)^ D meson pairs produced at the ^'(3770) are quantum-correlated, so that the time evolution is 



given by Eqns. ( |19[ ) and (20). If one accounts for tagging dilution, then the time-dependent CP asymmetry is given 
by Eq. ( 34 1 . On restricting time-dependent analysis to using only semi-leptonic tagged decays, the asymmetry will 
simplify as there is no dilution, hence both co and Aw terms can be neglected, and any systematic uncertainty on the 
asymmetry arising from D ~ 1 will be small. Furthermore the e~^e~ — > '0(3770) environment is extremely clean, so 
that any systematic uncertainty from background contributions will be small and under control. These are important 
points to stress as we know that the CP phase of interest is small, hence in order to make a precision measurement the 
systematic uncertainties must be minimized. 

With 500 fb~^ of data at charm threshold one can expect to accumulate approximately 1.89 x 10^ D meson pairs. We 
anticipate that SuperB could record 158, 000 X+ez^g tagged events, corresponding to 489500 events when using the full 
set of K'--*Hvi tagged events, £ = e,fj, flO . In order to estimate the precision with which one can measure arg(A/), 

we perform unbinned likelihood fits to a number of simulated experiments, each consisting of and d'^ tagged signal 



events, with distributions in At given by Eqns. (32) and (33) and asymmetry given by Eq. (34) with cj = Aw = 0. The 



average uncertainty arg(A/) is taken to represent the typical result of a given experiment. This numerical estimate only 
includes semi-leptonic tagged events. One can also consider using hadronically tagged events, for example D° — > K^X 
{K~^X), where X is anything, which correspond to 54% (3%) of all meson decays. From these modes alone, one would 
expect w ~ 0.03, and that the asymmetry in particle identification of and K~ in the detector will naturally lead to 
a small, but non-zero value of Aw. We expect that there would be approximately 2.2 million kaon tagged tt^tt" 
events in 500 fb~^ at charm threshold. Using these data alone, one would be able to measure to a precision of 4°, 
hence if one combines the results from semi-leptonic and kaon tagged events, a precision of ^ 3.4° is achievable. 

(SuperB at T{4:S)) The scenario at the T(45) is somewhat more complicated than the situation encountered at the 
?A(3770). Firstly in order to remove background from D mesons produced in B meson decay, one restricts the analysis 
to mesons with high momentum. In addition to non-trivial backgrounds, one also has to consider non-zero tagging 



dilution, where the asymmetry is that given in Eq. (31). Thus it is not obvious that Aw can be neglected, and indeed 
D =^ 1. We estimate that one could reconstruct 6.6 x 10^ tagged tt+tt^ events in a data sample of 75ab~^ with 

a purity of 98%. 
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(LHCh) The final scenario considered is that of measuring time-dependent asymmetries from uncorrelated D mesons in 
a hadronic environment, where dilution and background effects will be larger than at an e+e^ machine. Given that the 
measurement of A/ is expected to be dominated by systematic uncertainties, it is not clear what the ultimate precision 
obtained from LHCb will be. The best way to ascertain this would be to perform the measurement. We estimate that 
LHCb will collect 7.8 x 10^ D* tagged 1?° — tt+tt" decays in 5fb~^ of data, based on an initial 37 pb""'^ of data. Based 
on the data shown in the reference, we estimate a purity of ~ 90% and u ~ 6%. 

5.1 Sensitivity on /5c 

We report here the summary of the sensitivity estimates made on the basis of our simulations. More accurately, since 
K^K^ measures the mixing phase and D'^ tt+tt^ measures 4)mix + '^Pc,eff the difference between phases of 
\f measured in — >■ K'^K~ and — > tt+tt" decays is cjicp = —'^Pceff- If loop contributions can be well measured 
and both long-distance and weak exchange contributions are negligible, then this constraint can be translated into a 
measurement of f3c- The corresponding sensitivity estimates for the different scenarios considered are summarized in 
Table [3] We estimate that it should be possible to measure (pcp to ^ 2.6° using this approach [10]. Assuming that 
penguin contributions can be measured precisely, then the error on Pc,eff that could be obtained by SuperB would be 
~ 1.3°. LHCb will require input from Super _B on the decay modes with neutral particles in the final state in order 
to translate a measurement of /3c,e// to one on (3^- Further work is required to understand how penguins and other 
suppressed amplitudes affect the translation of Pc.eff to /3c, however it is clear that there will be a significant contribution 
from penguins given the size of the — ?► tt^tt" branching fraction. 

We determined the phase arg(Aj^), but it is worth mentioning that we are also able to constrain \Xf\ with the same 
set of measurements. If one observes |A/| ^ 1 in data it would constitute a measurement of direct CP violation in a 
given decay channel. We estimate that it should be possible to measure |A/| with a statistical uncertainty of 1 — 4% 
at future experiments such as SuperS. Something interesting to note is that Super_B proponents expect to accumulate 
500 fb~^ of data at charm threshold in only three months, whereas 75 ab~^ would require five years of running at nominal 
luminosity. We also obtain the expected precision for the mixing phase (Table [4]) at Superi? to be ±1.3° when running 
at center of mass energy corresponding to the T(4S') and ±2.1° when running at the \l/(3770) center of mass energy and 
using semi-leptonic and kaon tagged events. 

Table 3: Summary of expected uncertainties from 500 fb^^ of data at charm threshold, 75 ab"""^ of data at the T(45), 
and 5fb^^ of data from LHCb for D'^ tt+tt" decays. The column marked SL corresponds to semi-leptonic tagged 
events, and the column SL+K corresponds to semi-leptonic and kaon tagged events at charm threshold. 



Parameter 


SL 


SL + K 


T(45') 


LHCb 


(j) = arg(A/) 


8.0° 


3.4° 


2.2° 


2.3° 


(/•CP = (f^KK - 4>7r7T 


9.4° 


3.9° 


2.6° 


2.7° 




4.7° 


2.0° 


1.3° 


1.4° 



The method proposed here represents a new way to measure the mixing phase, since the current method to measure the 
mixing phase is via a time-dependent Dalitz Plot analysis of D decays to self conjugate final states. 



Table 4: Summary of expected uncertainties from 500 fb ^ of data at charm threshold and 75 ab ^ of data at the T(4S') 
for £>" ^ K+R- decays. 



Parameter SL 


SL + K 


T(45) 


(t)MIx{4>KK) 4.8° 


2.1° 


1.3° 
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6 Conclusions 



We have explored and defined for the first time the formahsm required to perform time-dependent CP asymmetries in 
charm decays using correlated D^D decays as well a mesons tagged from D* decays, and we discussed two interesting 
channels: — >■ tt+tt" and K^K^ . One can use K^K~ decays to measure the mixing phase precisely and other 

decays can be used to constrain the angle Pc,eff which is one of the angles of the charm triangle. A data sample of 
500 fb~^ collected at charm threshold could be collected at Super i? in only three months and it would provide a sufficient 
test to constrain any potential large NP effects. Similar measurements would be possible using D* tagged decays at 
Super _B, Belle II and LHCb. We expect the statistical precision on the measured phase at Super i? to be slightly better 
than the one achievable at LHCb. The measurements proposed here provide a new set of consistency checks of CKM 
that can be performed using D decays. Measurements of the sides of the triangles would enable us to perform an 
indirect cross-check of CKM. Superi? has a potential advantage over other experiments as it will be able to collect data 
at charm threshold with a boosted center of mass, as well as being able to explore effects using neutral mesons from a 
D* tagged event. Data from charm threshold will be almost pure, with a mis-tag probability of ^ for semi-leptonic 
tagged events, which could be advantageous if systematic uncertainties dominate measurements from T{AS) data and 
from LHCb. Within our formalism a measurement of |A/| ^ 1 could also signify direct CP violation. 
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